Ph y logenet ic relationships of Campylobacter hyointestinalis subspecies were examined by means of 16s rRNA gene sequencing. Sequence similarities among C. hyointestinalis subsp. Iawsonii strains exceeded 99.0 %, but values among C. hyointestinalis subsp. hyointestinalis strains ranged from 964 to 100 %. Sequence similarites between strains representing the two different subspecies ranged from 95.7 to 990%. An intervening sequence was identified in certain of the C. hyointestinalis subsp. lawsonii strains. C. hyointestinalis strains occupied two distinct branches in a phylogenetic analysis of the genus Campylobacter, emphasizing the need for multiple strain analysis when using 165 rRNA gene sequence comparisons for taxonomic investigations.
Comparative analysis of 16s rRNA gene sequences is a frequently used means of determining the phylogenetic position of a given taxon (Murray et al., 1990; Stackebrandt & Goebel, 1994) . However, recent studies have suggested that multiple strains should be investigated to evaluate the degree of sequence diversity within and between species (Clayton et al., 1995) . We present here an analysis describing the phylogenetic position of C. hyointestinalis subsp. lawsonii, and the extent of 16s rRNA gene sequence diversity within and between the two C. hyointestinalis subspecies.
The GenBank accession numbers for the 165 rRNA gene sequences determined in this paper are AF097681-AF097691.
Type, field and reference strains used in this study are listed in Table 1 , together with their sources. All strains were cultured under microaerobic conditions on 5 YO (v/v) horse blood agar for 2-3 d at 37 "C. The seven field isolates were identified by computer-assisted analysis of 55-57 standardized phenotypic tests and, further, by analysis of SmaI restriction profiles (On 8z Vandamme, 1997) . Six strains were phenotypically identified as C. hyointestinalis subsp. hyointestinalis, with identification scores ranging from 89-6 to 100% (mean 97.4%). SVS 3035 was not identified by this method, but differed from isolates SVS 3038 and 3050 in only three tests; alkaline phosphatase production (weak positive), resistance to 5-fluorouracil (positive), and hydrogen sulphide production in triple-sugar iron agar (negative). SrnaIderived macrorestriction profiles (not shown) for all field strains, including SVS 3035, were characteristic of C. hyointestinalis subsp. hyointestinalis, according to previously defined criteria (On & Vandamme, 1997 $16S rRNA gene sequences available for electronic retrieval from the GenBank database under the indicated accession numbers. C. hyointestinalis strains sharing identical sequences are indicated by parentheses around the accession number given for the representative strain from which the sequence was actually submitted. §Generically misnamed. This species is not a true Bacteroides, but belongs in rRNA superfamily VI (Vandamme et al., 1995) .
genes were as described previously , but with the following modifications : primer 1492r (5'-TAC GGY TAC CTT GTT ACG ACT T), representing nucleotides 1492-1513 of the Escherichia coli 16s rRNA gene (Brosius et al., 1978) , was used in place of primer 1392r for the initial PCR reaction with primer 27f (AGA GTT TGA TCM TGG CTC AG) and for subsequent sequencing of the PCR product. Centricon C-100 columns (Amicon) were used in place of QIAquick (QIAgen) kits for purification of PCR products prior to direct sequencing. An additional primer (CHY 4-IVSr; 5'-GCC GAG AGC TCT TAA TAA TAC) was used to sequence the reverse strand of strain CHY 4 across its intervening sequence. The program RNA was used for sequence alignment and phylogenetic analysis, using secondary structure to aid alignment of less conserved regions, as described previously (Paster & Dewhirst, 1988 for analysis of 16s rRNA data written in Microsoft QuickBASIC for use on IBM-compatible computers, and was a generous gift of Floyd E. Dewhirst (Forsyth Dental Centre, Boston, USA). C. hyointestinalis sequences were aligned with a pre-aligned database of -70 Campylobacter, Arcobacter, Helicobacter and Wolinella reference strain sequences, of which 20 were included in the final phylogenetic analysis (Table 1) . Distances were calculated using only those base positions for which 90 YO of the strains had data (1 393 positions). Unknown bases or alignment gaps opposite these positions were further eliminated from analysis on a pairwise basis. Distances were corrected for multiple base changes by the method of Jukes & Cantor (1969) . The phylogenetic tree shown in Fig. 1 was constructed using the neighbour-joining method of Saitou & Nei (1987) .
The expected (-1500 bp) amplicon was obtained for all strains except for CHY 4 and CHY 5. CHY 4 yielded an enlarged product of -1750 bp, whereas CHY 5 yielded both the expected and the enlarged sizes of amplicon, only the smaller of which was sequenced. Sequences were obtained (both strands) over positions 38-1486 (E. coli numbering; Brosius et al., 1978) , giving lengths of 1418-1423 bp, except for CHY 4, for which an increased length of 1662 bp was obtained. The increased length was due to the presence of an intervening sequence (IVS) of 244 bp, located after base 215 (E. coli numbering). Intervening sequences of diverse lengths and sequences have been described previously at this location in the 16s rRNA gene for several Campylobacter species, including Campylobacter sputorum, Campylobacter helveticus, Campylobacter rectus and Campylobacter curvus (listed by Etoh et al., 1998) . Distribution of intervening sequences in the 16s rRNA genes of C. hyointestinalis resembles that of C. helveticus (Linton et al., 1994) and C. rectus (Etoh et al., 1998) , in that a given strain may possess the enlarged gene (as for CHY4), both types of gene (CHY 5), or the non-IVS-containing gene alone (all other strains).
Eleven different 16s rRNA gene sequences were obtained from 15 C. hyointestinalis strains ( Table 1) . Comparison of the aligned sequences, including PGC 40-6AT, which was identified as C. hyointestinalis subsp. lawsonii (see below), identified 8 1 / 1423 (5.7 YO) polymorphic sites, as summarized in Fig. 2 . The majority of these sites represented sequence differences found between the two subspecies, most noticeably in a 24 base hypervariable region from base 1379 to 1402 of the submitted NCTC 11608 sequence (Fig. 2) . C. hyointestinalis subsp. hyointestinalis SVS 3038 presented an anomaly in that its base composition at the variable sites resembled that exhibited by C. hyoin testinalis subsp. lawsonii. Linton et al. (1996) have described a species-specific PCR test for C. hyointestinalis. The forward (CFCH57F) and reverse (CH1344R) primers described correspond to base positions 2&39 and 1267-1286, respectively, of our submitted sequence for NCTC 1160ST. Examination of Fig. 2 identifies three polymorphic sites within the 3'-region of the annealing site for the forward primer (positions 34, 35 and 39). These differences are found in three of the five sequences representing C. hyointestinalis subsp. hyointestinalis, and in all C. hyointestinalis subsp. lawsonii strains (not formally described at the time of the study by Linton et al., 1996) . It is feasible that the specificity of this PCR test may be compromised by the existence of such polymorphic sites.
Phylogenetic analysis of the sequences delineated C. hyointestinalis strains into two principal groups within the genus Campylobacter (Fig. 1) . All but one of the C. hyointestinalis subsp. hyointestinalis strains, including the type strain, were related at similarity levels ranging between 98-9 % (NCTC 1 160ST with SCRL strains) and 100 Yo (SCRL 0469 and 0493). These seven strains fell into a loose clade, comprising two branches related at -99.3 %. The remaining C. hyointestinalis subsp.
hyointestinalis strain (SVS 3038) fell as an outlier (98-7 YO mean similarity) to the second main group, comprising all seven C. hyointestinalis subsp. lawsonii strains, together with a previously unidentified Campylobacter strain (Campylobacter sp. Pig strain PGC 40-6AT). Interstrain similarity levels within this latter group ranged between 99.0% (PGC 40-6AT (.) with CHY 7) and 100% (CHY 8 with CHY 9), with 99.4 Yo mean similarity. We therefore consider PGC 40-6AT to be C. hyointestinalis subsp. lawsonii, which is consistent with its porcine gastric origin (cited by Eaton et al., 1993) , since most C. hyointestinalis subsp. lawsonii strains described to date have been isolated from pig stomachs. The taxonomic position of SVS 3038 is noteworthy, since it demonstrates a clear phylogenetic affinity with C. hyointestinalis subsp. lawsonii strains, albeit as an outlier. However, its porcine enteric origin, phenotype and macrorestriction profile are all wholly typical of C. hyointestinalis subsp.
hyointestinalis.
It is generally accepted that DNA-DNA hybridization is superior to 16s rRNA phylogenetic analysis in delineating relationships between closely related taxa (Fox et al., 1992; Stackebrandt & Goebel, 1994) . At 16s rRNA similarities of 97.5 YO and above, DNA reassociation values can either be significantly lower than 70%, or may be as high as 100% (Fox et al., 1992 ; Stackebrandt & Goebel, 1994) . Conversely, high levels of intraspecific sequence variation have been identified by Clayton et al. (1995) , and also in the current study, where we describe intraspecific sequence similarities of as low as 95.7% for C. hyointestinalis.
Current guidelines suggest that 97.0 YO is the threshold 16s rRNA similarity value below which two organisms may be considered to represent distinct species (Stackebrandt & Goebel, 1994) . However, these authors also recommended that this threshold value be lowered so as to maintain flexibility in the phylogenetic definition of a species by parameters of DNA reassociation. Certain of our data support this recommendation. Previous experiments using a well-established DNA renaturation method (De Ley et al., 1970) showed that the type strains of the two C. hyointestinalis subspecies (NCTC 1 1608 and CHY 5) were 71 YO related by DNA-DNA hybridization (On et al., 1995) , despite sharing just 96.1 YO 16s rRNA sequence similarity (this study). It could be argued that each subspecies deserves elevation to distinct species status, since DNA hybridization values of down to 56 YO were detected between other strains of the two subspecies (On et al., 1995) . However, the overall phenotypic, ecologic and genotypic consistency between C. hyointestinalis subsp. hyointestinalis and C. hyointestinalis subsp. lawsonii (On et al., , 1995 On & Vandamme, 1997) , in addition to the phylogenetic position of SVS 3038 (this study), favour the continued delineation of these taxa as subspecies. It is clear from this work that the polyphasic taxonomic approach remains essential for the accurate classification and identification of bacteria (Murray et al., 1990; Stackebrandt & Goebel, 1994; Vandamme et al., 1996) . We can only endorse its continued practice.
